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Abstract  

El Niño–Southern Oscillation (ENSO), alternating between warm El Niño and 
cold La Niña phases, profoundly affects climate of Africa, a continent strongly 
relying on rainfall for food security but has limited capacity to respond to 
natural hazards. For example, El Niño leads to drought over the Sahel and 
southern Africa but floods in east Africa, causing substantial impacts. This 
review synthesizes the understanding of ENSO impacts across Africa, elucidates 
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associated physical processes, and assesses the implications for modelling and 
projection of the impacts. ENSO forces anomalies in the tropical troposphere 
that are transmitted to Africa through planetary waves, drives tropical sea 
surface temperature variability in the neighbouring oceans, induces extratropical 
oceanic and atmospheric anomalies, and modifies regional circulations, whereby 
exerting an impact. The impact is different by ENSO events, asymmetric in 
amplitude and spatial pattern about El Niño and La Niña, and modulated by 
multidecadal variability. Under greenhouse warming, ENSO-induced dry and 
wet extremes are likely to increase over much of the continent. Therefore, it is 
vital to reduce uncertainty in ENSO impact in contemporary and future 
climates. Achieving this goal depends critically on a deeper understanding 
underpinned by global climate observations and improvements in climate 
modelling. 

 

1. Introduction  

The African continent, extending from the Mediterranean Sea at 37oN to the Cape 
Agulhas at 35oS in South Africa, is markedly distinguished by rainfall. Such 
distinction ranges from arid climate in the tropical Sahara, semiarid in the Sahel, 
countries of the Greater Horn of Africa and parts of southern Africa, to climate 
featuring scanty rain in southwestern southern Africa, and to summer monsoonal 
climate in west Africa, parts of eastern Africa and northern Madagascar island. 
Moisture is brought to the continent by winds from the Mediterranean Sea, the 
Atlantic, and the Indian Ocean1-8 (Box 1). Hundreds of millions of people depend on 
seasonal rainfall to grow crop for foods. 

El Niño-Southern Oscillation (ENSO), the most influential mode of climate variability 
originating in the Pacific, is a key factor modulating African rainfall. The ENSO 
impact on Africa has a strong seasonality concurrent with the main rainfall season; for 
example, the Sahel during boreal summer, East African rainfall during the short and 
long rain seasons, and southern Africa during austral summer9,10,11,12,13 (Box 1). 
Complexity in how ENSO affects regional African rainfall involves modes of 
variability in the Indian and Atlantic Oceans1,6, inter-basin interactions14,15,16, and local 
circulation features17,18,19,20,21,22,23,24,25,26,27,28,29, such as Somali Jet16,17, tropical heat 
lows18,19, South Indian Convergence Zone21,22,23, and cloud band events26,27,28 (Box 1).  

The impact of ENSO is potentially devastating30 as seen in a poignant example31 
during the drought in parts of southern Ethiopia, southern Somalia, and eastern Kenya 
from 2020 to 2023. Tens of millions suffered from acute food shortages, in part 
because of the 2020-2022 three-consecutive years of La Niña, which resulted in failed 
back-to-back rain seasons producing the most severe dry spell in decades. The crisis 
hit a region already grappling with poverty, leading to dire consequences: nearly one 
million children in Kenya suffered from acute malnutrition in 2022, while 3.3 million 
people across Kenya, Somalia, and Ethiopia were displaced from their homes31. 
Earlier, the 2016/17 La Niña compounded by the aftermath of the strong 2015/2016 El 
Niño led to an estimated 5-6 million people32 facing food shortages in the same area. 
In southern Africa, the 2015/16 strong El Niño produced the most severe drought in 



nearly 120 years, inflicting intense suffering on tens of millions19. Given the high 
vulnerability of the African society, it is paramount to enhance our understanding of 
the mechanisms dictating ENSO impact and the potential change in a warming 
climate. 

In this review, we assess the current knowledge of ENSO impacts. We begin by 
describing mechanisms by which ENSO affects the climate through the Indian Ocean 
and the Atlantic Ocean, and modulation by the extratropical processes and regional 
circulations. We subsequently outline ENSO impact, its asymmetry between El Niño 
and La Niña and between strong and weak events, and multi-decadal fluctuations of 
the impact. We then discuss challenges in modelling ENSO impacts and in projecting 
their changes under greenhouse warming. The review ends on identifying pathways for 
progress. 

2. Dynamical connections of ENSO to Africa 

ENSO exerts its impacts on African climate through atmospheric teleconnections by 
tropical planetary wave propagation, and by sea surface temperature (SST) variability 
in the neighbouring oceans, whereby influencing the circulation over the continent. 
This section describes the main mechanisms by which ENSO impacts the African 
climate: through the troposphere, the Indian Ocean, and the Atlantic Ocean, and 
modulation extratropical processes and regional circulations. We focus on the 
dynamics associated with a typical El Niño or La Niña event.  
 
The tropical tropospheric temperature  
A fast pathway for impact is through the tropical troposphere. As El Niño develops in 
July August September (JAS), SST warm anomalies in the central and eastern 
equatorial Pacific cause an anomalous deep convection with anomalous ascending 
motion in the central and eastern equatorial Pacific but an anomalous subsidence over 
the western Pacific, weakening the Walker Circulation10. The anomalous deep 
convection drives a Gill-Matsuno response and the associated atmospheric Kelvin 
waves distribute the tropospheric heating over the eastern Pacific throughout the 
tropics (Fig. 1a), a process referred to as the tropospheric temperature 
mechanism8,11,13. The warm anomalies increase the atmospheric stability outside the 
Pacific, supressing atmospheric convection over West Africa8 that leads to decreased 
rainfall in the Sahel8,33. In addition, the westward propagating Rossby waves drive 
high pressure anomalies over the tropical Atlantic, and the associated easterly wind 
anomalies over the Sahel weaken moisture transport from the Atlantic Ocean, 
decreasing Sahel rainfall4. The Rossby waves also weaken the Tropical Eastern 
African Jet, reducing the upper-level divergence over regions of the Horn of 
Africa34,35.  
 
The Indian Ocean 
Tropical Indian Ocean SSTs are important agents for delivery of ENSO impacts. In 
JAS, the El Niño-induced western Pacific-minus-Indian Ocean zonal SST gradient 
weakens, intensifying convection over the Indian Ocean36,37,38. Upper-level anomalous 
westerlies via the Atlantic from enhanced convection in the central and eastern 
Pacific, together with anomalous easterlies from enhanced convection in the central 



western Indian Ocean, form upper-level convergence, conducive to large-scale 
subsidence over the western Africa4,36,37. The anomalous circulations reinforce  the 
effect from the troposphere warming mechanism, both unfavourable for rain over the 
Sahel. 
 
During SON, El Niño exerts its impact often with a matured positive Indian Ocean 
Dipole (pIOD) (Fig. 1b), which develops through Bjerknes positive feedback similar 
to that operates in the Pacific. The weakened Walker circulation during El Niño 
induces equatorial easterly anomalies over the Indian Ocean, which often drive a 
concurrent pIOD event38-41. Cool anomalies near Sumatra-Java and warm SST 
anomalies in the western Indian Ocean cause a north-westward shift of atmospheric 
convection and a westward extension of the seasonal southeasterly trades38,39,40.  The 
ITCZ becomes anomalously strong over the western Indian Ocean39. Thus, part of the 
ENSO impact in SON is conveyed via the IOD, which by itself exerts a similar impact 
to that of ENSO (comparing middle subpanel with ENSO and right subpanel without 
ENSO, Supplementary Fig. 1a).  
 
In DJF, El Niño delivers its impact through warm anomalies of the Indian Ocean 
Basin mode (IOB) (Fig. 1c). El Niño-induced equatorial Indian Ocean easterly 
anomalies reduce the prevailing equatorial westerlies over the Indian Ocean42. The 
associated decrease in evaporative heat loss, together with the influence from 
tropospheric temperature warming, generates basin-wide warm anomalies42, 
strengthening convection over the tropical Indian Ocean and weakening the pressure 
gradient between the ocean and the African continent1,2,19. The anomalous decrease in 
seasonal converging flows (from seasonal mean indicated by “light” arrows to 
anomalously weak indicated by “heavy” arrows, Fig. 1c) induces anomalies over 
much of southern Africa, including weaker southward excursion of the SICZ20,7 
(dashed blue lines, Fig. 1c), an intensified mid-level Botswana High29, a weakened 
Angola Low and cloud bands43 and a shallowed Mozambique Channel Trough44.  
 
El Niño-induced equatorward weakening of the subtropical highs drives a coherent 
negative phase of the Subtropical Indian Ocean Dipole and a coherent negative phase 
of the South Atlantic Subtropical Dipole45,46,47, helping deliver El Niño impact to 
southern Africa. For example, the associated cold SST anomalies south of 
Madagascar decrease moist air from the subtropical South Indian Ocean towards 
southeastern Africa, favouring anomalously dry and hot summers over southern east 
Africa; to the north, the warm SST anomalies cause anomalously wet and cold 
conditions over east Africa45 (Supplementary Fig. 1b). The impact becomes not 
statistically significant after ENSO influence is removed (comparing central and right 
subpanels of Supplementary Fig. 1b), suggesting that the Subtropical Indian Ocean 
Dipole is by and large a response to ENSO, facilitating ENSO impacts.  
 
In MAM, the impact from El Niño through the ENSO-induced IOB wide warming 
continues unfavourable to southward transport of moisture into southern Africa. The 
IOB warming increases the Indian-minus-Pacific basin-scale SST gradient, conducive 
to easterlies over the western Pacific.. Some El Niño events transition into a 



developing La Niña. As the transition occurs, convection over the western equatorial 
Pacific intensifies, creating an anomalously strong Walker circulation over the Indian 
Ocean32,48 which strengthens the upper-level easterlies, increasing subsidence over 
eastern Africa.   
 
The Atlantic Ocean 
Atlantic Niño, or its opposite pahse, Atlantic Niña, operates in a positive feedback 
process reminiscent of and often concurrent with a La Niña, or El Niño, respectively. 
During an Atlantic Niña, anomalous easterlies drive increased upwelling, leading to 
cooling in the east, which, in turn, intensifies the anomalous easterlies12,13,14,49. The 
cold anomalies in the equatorial eastern Atlantic suppress atmospheric convection 
over the ocean and shift the tropical rain belt and the ITCZ northward. The equatorial 
Atlantic cold SST anomalies intensify the land–ocean thermal gradient and the 
land-ocean pressure gradient, strengthening the northward monsoon penetration into 
West Africa5. The associated anomalies feature a rainfall-dipole anomaly pattern with 
decreased rainfall over the Guinea coast but a tendency of increased rainfall in the 
Sahel6,7 (Supplementary Fig. 1c).   
 
When La Niña/El Niño occurs concurrently with Atlantic Niño/Niña, the latter helps 
deliver or reinforce ENSO impacts. For example, an Atlantic Niña often occurs in 
conjunction with an El Niño (Fig. 1d), reinforcing El Niño-induced dry anomalies to 
the Guinea coast but tending to induce wet anomalies over the Sahel6,7. The wet 
anomalies could be offset by the increased subsidence arising from the tropospheric 
temperature mechanism11,12,13,14 (grey allows, Fig. 1d), rendering the rainfall-dipole 
anomaly pattern unstable. When an Atlantic Niña and an increase in subsidence over 
the Sahel are both dominated by an El Niño, spatially coherent dry conditions occur 
from Senegal to Ethiopia accompanied by anomalously high air temperatures in 
sub-Saharan Africa50. Thus, the concurrent Atlantic Niña helps broaden the El 
Niño-induced drying. 
 
Modulations of ENSO impact on Africa 
In addition to the influence conducted via tropical SST, ENSO’s impact on African 
climate is modulated by extratropical oceanic anomalies such as Mediterranean SSTs, 
mid-to-high latitude variability such as the southern annular mode (SAM), and 
regional circulations including the Sahara Heat Low, the Angola Low, the Boswana 
High, and the SICZ. These circulation systems may respond to ENSO, but also vary 
independently, modulating ENSO impact. In this section, we discuss these processes.  

Mediterranean SSTs. Warmer than normal Mediterranean SSTs enhances local 
evaporation, leading to advection of more moisture through the climatological winds, 
which increases continental moisture flux convergence in low-level northern Africa51. 
The consequence includes a northward migration of the rainband and an intensified 
monsoon51,52, an impact comparable in amplitude to that from ENSO, substantially 
modifying ENSO impacts51. Further, the anomalously high SSTs in the eastern 
Mediterranean relative to the Indian Ocean strengthen low-level convergence between 



the northeasterly moisture transport from the eastern Mediterranean and the 
monsoonal southwesterly moisture transport from the eastern equatorial Atlantic, 
conducive to increased rainfall over the Sudan-Sahel region52. Thus, the 
Mediterranean SSTs can substantially modify ENSO impact. 
 
The SAM. A negative phase of the SAM reflects an equatorward shift of midlatitude 
westerlies. The associated frontal systems53, and low-level moisture fluxes toward 
southern Africa, favourable for the mid-level uplift and low-level convergence, 
increasing winter rainfall in western South Africa54. However, in DJF, the associated 
easterly flows from the Indian Ocean to eastern South Africa decrease55, reducing 
rainfall over the east. An equatorward shift of the atmosphere circulation during El 
Niño tends to induce a negative phase of the SAM, reinforcing El Niño-induced dry 
conditions over South Africa. 
 
Regional circulations. Regional circulation systems over and surrounding Africa 
undergo considerable variations independent of ENSO, but also respond to ENSO. 
Variability of these regional systems, each alone or several combined, contributes to 
inter-event variations in ENSO impact. 

Situated over the Saharan region in the summer months, the Saharan Heat Low 
fluctuates in intensity on time scales from intraseasonal, interannual, to interdecadal 
or longer56,57. The low pressure, combined with the relatively high pressure over the 
Guinean coast, produces a low-level pressure gradient, which is a driver of the West 
African monsoon such that the stronger the heat low, the more intense the monsoonal 
flow56. An intensified Saharan Heat Low favours African Easterly Jet at mid-level 
atmosphere58 and occurrences of convection over the Central and Eastern Sahel, but a 
decrease in the convective activity and rainfall from Senegal to the West of the Jos 
Plateau57. Thus, variability of the heat low modifies ENSO impact. 

Developing during April, May, and June, the Somali jet transits Kenya, Somalia and 
the Sahel, along the way bringing moisture and rainfall northward to the southern 
slopes of the Ethiopian plateau and the Greater Horn of Africa17,59. As such, a stronger 
jet is associated with anomalously high rainfall, whereas a weaker jet is associated 
with an anomalously dry condition over southern Ethiopia60,61. During El Niño, the 
Somali Jet onset tends to be later and the intensity is weaker such that many drought 
years over the Ethiopian plateau coincide with an El Niño16,61. 

The Congo Air Boundary breaks down in austral summer and is replaced by 
convectively active and moist convergence zone, facilitating tropical lows18,62. Like 
weak tropical cyclones, tropical lows occur in summer over tropical southern Africa 
and aggregate in the seasonal mean to form the Angola Low, contributing to rainfall 
variability in the tropical edge18. An anomalously weak and northward Angola Low 
promotes increased rainfall over tropical southern Africa but decreased rainfall over 



subtropical southern Africa62; the reverse prevails for an anomalously southward 
Angola Low. The Angola Low shifts northward during El Niño but southward during 
La Niña18. Variability of the Angola Low modulates ENSO impact on Africa63; for 
example, during the 1997/98 event, the Angola Low hardly weakened, and an 
expected drought did not occur in southern Africa19.   

Tropical Temperate Trough links the tropics and the extra-tropics across southern 
Africa28,43,64,65, and is a cloud band system of convergence and convection extending 
along the northwest-southeast direction over landmass to the southwest Indian Ocean, 
inducing heavy rainfall over southern Africa. During El Niño, the convergence is 
anomalously northwards, the troughs tend to be less common, as tropical lows are 
weaker and further north18,62; during La Niña phase, the trough forms more frequently 
and further south18,43,62,66. However, like the Angola Low, the trough varies 
independently of ENSO, modulating ENSO’s impact. For example, during the 
1997/98 El Niño event, a quick succession of two trough events, a 7-day wet spell 
during 1–7 January 1998, contributed to more than 40% of the 1997/1998 summer 
rainfall over much of South Africa67. 

The SICZ is a large-scale summer land-based convergence zone, extending across 
southern Africa into the southwest Indian Ocean, with position and intensity partially 
determined by surface conditions over southern Africa, particularly, zonal winds20,68. 
During El Niño, the SICZ shifts northeastward because of a weakening in the western 
portion of the South Indian High20, reducing moisture transport from the Indian 
Ocean69, contributing to a dipole pattern of rainfall anomalies, wet to the northeast 
and dry to the southwest.  

Situated to the south and southeast of the heavy precipitation region across tropical 
southern Africa, the Boswana High typically forms in August, strengthens and moves 
southward over southern Africa during austral spring and summer29,70,71. The strength 
of the high varies independently of ENSO; for example, large anomalies in the 
Botswana High are observed in a number of neutral ENSO summers when Southern 
Africa is unusually wet or dry70. However, the high tends to intensify during El Niño 
summers and weakens during La Niña winters70,71. For example, during the 2015/16 
El Niño event, an anomalously strong Botswana High and associated southwesterlies 
over Tanzania and northern Mozambique reduced moisture entering the continent 
from the tropical Indian Ocean; consequently, extremely dry conditions occurred 
across most of southern Africa19. Nevertheless, the magnitude of the Botswana High 
anomalies is not proportional to the strength of ENSO events. For example, the High 
during the 1997/98 strong El Niño event was less intense than the weaker 1986/1987 
El Niño event19,71, contributing to a condition against an expected severe dry season in 
1997/98. 

3. ENSO effects 



So far, we have described the mechanisms whereby ENSO affects Africa climate, 
assuming that El Niño and La Niña are symmetric in amplitude and in anomaly 
pattern, and that the mechanisms are stable over time. In this section, we describe 
ENSO effect on African climate. We then turn to asymmetric impact between El Niño 
and La Niña, impacts of different ENSO flavours, and decadal and multidecadal 
fluctuations.    

Symmetric depiction 

During El Niño-developing JAS, Sahel is drier and hotter than normal (Fig. 2a) 
(Supplementary Fig. 2a). The increased atmospheric stability due to increased 
convection in the equatorial central and eastern Pacific supresses atmospheric 
convection over West Africa8, and weakens the circulation and moisture transport, 
leading to decreased rainfall in the Sahel8,33. Further, as a result of convergence from 
the Atlantic and the Indian Ocean, upper-level anomalously increased subsidence over 
western Africa4 decreases rainfall over the Guinea coast in late boreal spring and 
subsequently over the Sahel in the peak season of West African monsoon, with a 
commensurate reduction in the frequency of wet days and heavy rainfall events4,36,37. 
Occasionally, the ocean warm anomalies after an El Niño may persist into  boreal 
summer; for example, remnant warm anomalies from the 1982/83 strong El Niño led 
to the 1983 boreal summer drought over the western Sahel72, inducing one of the 
driest summers in the twentieth century record for the region. Conversely, during a La 
Niña-developing JAS, a tropospheric cooling promotes atmosphere instability over 
the Sahel. In addition, upper-level anomalous easterlies from enhanced convection in 
the western Pacific via the Atlantic together with anomalous westerlies from 
decreased convection in the central and western Indian Ocean, drives an upper-level 
divergence, conducive to a large-scale ascendence over the western Africa4. Typically, 
ENSO-induced Sahel JAS rainfall anomaly over the Sahel (17oW-40oE,11oN-15oN) is 
0.42 mm day-1 oC-1 of Niño3.4 SST.  

As El Niño develops, eastern and central Africa short rain increases (Fig. 2b) 
although surface temperature anomalies are less clear because the associated increase 
in evaporative cooling offset the warm anomalies (Supplementary Fig. 2b). The 
weakened Walker circulation, the anomalous equatorial easterlies associated with a 
concurrent pIOD event, and the anomalously strong ITCZ over the western Indian 
Ocean39 promote low-level warm moist convergence toward the equatorial east coast 
of Africa. As a result, anomalously high rainfall occurs during the short-rain season 
over the eastern and central Africa countries38,39,40,41. For example, during the 1997 El 
Niño event, devastating floods in Somalia, Ethiopia, Kenya, Sudan and Uganda 
caused several thousand deaths and displaced hundreds of thousands of people38. 
During La Niña, anomalous westerlies over the equatorial Indian Ocean associated 
with the increased Walker circulation shift low-level convergence to the eastern 
Indian Ocean/western Pacific region, causing drier than normal conditions over 
eastern Africa. For example, the 2020-22 three-consecutive years of La Niña led to 
failed rain seasons with food shortage and acute malnutrition across Kenya, Somalia, 
and Ethiopia31. Typically, ENSO-induced rainfall anomaly during the short-rain 
season over eastern Africa region (29oE-42oE,7oS-5oN) is +0.38 mm day-1 oC-1 of 
Niño3.4 SST. 



During El Niño, southern Africa (south of ~15oS) experiences warmer and drier 
conditions in austral summer (Fig. 2c) (Supplementary Fig. 2c) as low-level moisture 
convergence and cloud band development are suppressed43. The suppression occurs as 
El Niño-induced strengthening in convection over the tropical Indian Ocean and El 
Niño-induced weakening in the pressure gradient between the ocean and the African 
continent increase subsidence over much of southern Africa. By contrast, over 
off-equatorial East Africa, above-average rainfall occurs because the seasonal 
southward excursion of the SICZ and cloud band events are impeded and shift 
northeastward to the off-equatorial regions20,43. These processes drive the north-wet 
and south-dry rainfall dipole (+0.29 and -0.26 mm day-1 oC-1 of Niño3.4 SST, 
respectively) (Fig. 2c), accompanied by warm anomalies to the south (Supplementary 
Fig. 2c). In MAM, as the El Niño-induced IOB warming continues, the dry and warm 
condition persists in southern Africa (Fig. 2d) (Supplementary Fig. 2d). In addition, 
El Niño-induced negative phase of the Subtropical Indian Ocean Dipole, with its cold 
pole to the south45,46,47, helps deliver El Niño impact to southern Africa, reinforcing 
the anomalously dry and hot conditions over southern east Africa and anomalously 
wet and cold conditions over east Africa45. During La Niña, the impact reverses. For 
example, a weakening in convection over the tropical Indian Ocean and an 
intensification in the pressure gradient between the ocean and the African continent 
increases low-level moisture convergence facilitating cloud band development over 
land43, leading to colder and wetter conditions south of ~15oS. Over off-equatorial 
East Africa, below-average rainfall occurs as the SICZ and cloud band events extend 
further south, leading to a rainfall dipole, accompanied by warm anomalies to the 
south, a pattern that persists to the MAM season.  

Asymmetric impact  

El Niño and La Niña events are not symmetric in amplitude or spatial pattern, 
rendering that their impacts on African climate are not either. For example, the SST 
anomaly centre, that is, position of maximum anomalies, can be in the equatorial 
eastern Pacific (EP-ENSO) or in the equatorial central Pacific (CP-ENSO)73,74,75,76,77,78. 
The amplitude of EP-El Niño is greater than that of CP El Niño73,74,75,77,78, whereas the 
amplitude of CP La Niña tends to be greater than that of EP La Niña73,74,,79,80,81. 
Additionally, the amplitude of strong El Niño, which tends to be an EP El Niño59,61,63, 
is greater than that of a strong CP La Niña. A La Niña event tends to last for multiple 
years but such a long duration is rarely seen for El Niño. As a result of the diversity, 
impacts of El Niño and La Niña are asymmetric. In this section, we outline the 
implications of ENSO asymmetry for ENSO impacts on Africa. We use a linear 
combination of the first two empirical orthogonal functions of DJF SST anomalies in 
the tropical Pacific to construct indices of EP and CP ENSO74, 76,77,78. Defining an 
event as when the corresponding index is greater than one standard deviation value in 
amplitude (Supplementary Fig. 3a, b), we construct composites of African rainfall 
anomalies during ENSO events. 

Because of the ENSO diversity and asymmetry between El Niño and La Niña, rainfall 
anomalies of EP El Niño are stronger and more spatially coherent than rainfall 
anomalies of CP El Niño82,83,84; by contrast, rainfall anomalies of CP La Niña are 
stronger and better-defined than those of EP La Niña82,83,84 (Supplementary Fig. 3). 



These differences are in part due to a greater EP El Niño amplitude than that of CP El 
Niño and different locations of the anomaly centres73,74,75,. Overall, in most seasons, 
the opposite polarity between El Niño and La Niña years is due to the opposite 
anomalies of EP El Niño and CP La Niña (Fig. 2e-2h and 2i-2l) (Supplementary Fig. 
2i-2l and 2e-2h). The same is true for air temperature anomalies; that is, anomaly 
during EP El Niño is greater than that during CP El Niño, but greater during CP La 
Niña than during EP La Niña (Supplementary Figs 2 and 4). 

In the Sahel region, owing to the large amplitude of EP El Niño, and a strong cooling 
in the equatorial eastern Atlantic coherent with EP El Niño85, dry anomaly in JAS 
averaged across EP El Niño events (Fig. 2e) is -0.73 mm day-1, larger than -0.12 mm 
day-1 averaged across CP El Niño events when the anomaly is weak and elusive 
(Supplementary Fig. 3). Towards the Guinea coast, EP El Niño shows a drying in DJF 
(Fig. 2g), owing to an associated increase in subsidence over the equatorial eastern 
Atlantic arising from increased convection over the western Indian Ocean12,73; such 
dry anomalies are not seen during CP El Niño (Supplementary Fig. 3). By contrast, 
because CP La Niña is stronger than EP La Niña in amplitude, CP La Niña-induced 
wet anomaly in the Sahel in JAS (Fig. 2i) is +0.30 mm day-1, greater than +0.12 mm 
day-1 during EP La Niña. 

In the east Africa region, short-rain wet anomaly during EP El Niño (Fig. 2f) is 
greater than that during CP El Niño83, +0.90 mm day-1 and +0.22 mm day-1, 
respectively.  Because of the greater CP La Niña amplitude than that of EP La Niña, 
CP La Niña-induced east Africa dry anomaly in the short-rain season is well-defined 
(Fig. 2j);  averaged across events, the dry anomaly is -0.27 mm day-1. By contrast, 
during EP La Niña, dry anomaly is hardly observed (second panel from left, 
Supplementary Fig. 3d). In amplitude, EP El Niño-induced wet anomaly is greater 
than CP La Niña-induced dry anomaly, +0.90 and -0.27 mm day-1, respectively, in part 
because a pIOD induced by EP El Niño is greater than an nIOD induced by CP La 
Niña78.  

In the long-rain season, because a CP La Niña often persists into a multiyear La Niña 
event79, the associated eastward shift of convergence toward the Indo-Pacific region 
induces a dry anomaly (-0.38 mm day-1) over east Africa (Fig. 2l). There is no 
counterpart for EP El Niño as a strong El Niño event usually does not continue into 
the next year. Instead, El Niño events often transition into a developing La Niña74,79. 
The transition leads to a dry short-rain season in east Africa1,32. During such 
transition, when SST in the tropical western Pacific is high in MAM32, drawing 
moisture to the west, rainfall decreases in the long-rain season, generating a rainfall 
decrease in both short and long rain seasons. Such a sequence occurred in 2016-2017, 
when the 2015/16 El Niño transitioned to a La Niña, leading to a lack of water for 
socio-economic activities with severe consequences such as food insecurity30,31,32. 

Over southern Africa, the EP El Niño-induced anomalous summer rainfall diploe, 
with a dry anomaly of -0.70 mm day-1 in the south and a wet anomaly of +0.72 mm 
day-1 in the equatorial eastern Africa (Fig. 2g). The dipole is generated owing to a 
decreased convergence over southern Africa, an anomalously weak poleward 
excursion of the converging flows from the Atlantic and the Indian Ocean, and a 



northeastward shift of regional circulation features20,43 such as the SICZ and cloud 
band events. During CP La Niña, a dipole of opposite polarity occurs, with a wet 
anomaly in the south of +0.64 mm day-1 and a dry anomaly of -0.33 mm day-1 in the 
north, respectively. During either CP El Niño or EP La Niña, the dipole is not as 
well-defined and anomalies are small83 (Supplementary Fig. 3e).     

Multidecadal variability 

Adding to the complexity is that the ENSO impact and the African climate are not 
stable over time6,36,87,88 but fluctuate on multidecadal time scales. The fluctuation of 
ENSO impact is a result of many factors, including varying ENSO amplitude, its 
co-variability with modes of interannual variability of the other oceans, and 
multidecadal rainfall variability driven by multidecadal SST fluctuations that might 
exacerbate ENSO impacts. 

For example, ENSO impact on Sahel rainfall is strong during the 40 years of 
1971-2010, when modes of variability of the three oceans were coherent than the 40 
years before 1970 (ref.6,7,36,87,88,89). By contrast, before the 1970s, El Niño is weak90,91, 
and an El Niño-induced decrease in West Africa rainfall was weak and sometimes did 
not occur (Fig. 3a, compare the spatial anomalies); in part because cold SSTs 
averaged across the tropical oceans, relative to SSTs in the North Atlantic, are 
inconducive for an El Niño to induce a dry condition over the Sahel92. Further, 
co-variability of an El Niño with an Atlantic Niña was low, and the Atlantic 
Niño-induced rainfall anomaly dipole was more conspicuous. During 1971-2010, a 
negative phase of Atlantic Multidecadal Variability enhanced co-variability between 
Pacific El Niño/La Niña and Atlantic Niña/Niño6,15,93, decreasing occurrences of the 
rainfall dipole pattern associated with Atlantic Niño/Niña. For instance, the rainfall 
dipole pattern associated with an Atlantic Niño disappeared6,36,94, as the anomaly of 
low Sahel rainfall from Atlantic Niño was overwhelmed by anomalously high rainfall 
associated with a Pacific La Niña95,96. The pan-West Africa influence by ENSO since 
the 1970s36,89 is partly induced by enhanced co-variability between an El Niño and a 
developing positive IOD, which enhances western tropical Indian Ocean convection, 
leading to decreased rainfall over West Africa97.   

Similarly, substantial decadal fluctuations in ENSO impact occur in East 
Africa-ENSO teleconnections. For example, during the 1971-2010 period, an 
enhanced ENSO-IOD coupling97 intensifies the associated East Africa short-rain 
response to ENSO98 (Fig. 3b). An El Niño during the 1971-2010 period saw strong 
equatorial Indian Ocean easterlies and a westward shift in the Indian Ocean ITCZ, 
conducive to a strong wet anomaly over the Horn of Africa accompanied by a strong 
dry anomaly over the southern part of eastern Africa48. Since around the turn of the 



21st century, a decreased ENSO-IOD relationship99 contributes to the observed 
reduction in the impact of El Niño on east Africa rainfall. 

Likewise, during the 1970-2010 period, ENSO impact on southern Africa summer 
rainfall intensified, characterized by the dipole pattern of rainfall anomalies featuring 
wet equatorial eastern but dry southern Africa during El Niño100 (Fig. 3c). The 
strengthened ENSO-IOD coupling during 1971-2010 induced strong DJF warm 
anomalies in the equatorial and tropical southern Indian Ocean. The strong 
Pacific-Indian Ocean coupling led to a DJF reversal of the Walker circulation over the 
western tropical Indian Ocean101 and a strong negative SIOD102, both contributing to 
the low rainfall in southern Africa. Additionally, a positive phase of the Interdecadal 
Pacific Oscillation is associated with more El Niño events and an overall stronger 
impact by the ENSO on southern Africa103. 

Rainfall variability driven by multidecadal SST fluctuations exacerbates the impacts 
of ENSO. The strongest multidecadal rainfall variability is observed over the Sahel 
(Fig. 3d). For example, the positive phase of the Interdecadal Pacific Oscillation 
(IPO), with warm anomalies in the tropical Pacific, from the late 1960s to the late 
1980s contributed to a widespread decrease in Sahel JAS rainfall95,104 (Fig. 3e, red 
box) such that El Niño remnant SST anomalies in 1983 over the Indian Ocean 
induced a near-record Sahel drought72. A positive phase of the IPO is associated with 
reduced moisture convergence and vertical ascent over the south African 
subcontinent, resulting in a substantial reduction in tropical–extratropical cloud band 
formation and rainfall105 (Fig. 3e, purple box). Regions centered on the Limpopo 
River Basin experience distinctive rainfall variability on a 17-20-year timescale, with 
anomalously low rainfall when the equatorial Pacific SSTs display a patten 
reminiscent of a positive IPO106. Conversely, the negative phase of the IPO since the 
1990s contributes to the Sahel rainfall recovery95,104. The cooling in the East Pacific 
relative to the West Pacific associated with the negative IPO induced a decrease in 
East Africa long rain107,108 (Fig. 3e, green box) and generated a greater susceptibility 
to long-rain drought during La Niña events, heightening the risk of consecutive short 
and long rain droughts32. The strengthened Walker circulation post-1990s results in 
warming in the central and eastern Indian Ocean109, reducing moisture transport to the 
equatorial Eastern Africa, leading to drying over the region110.   

A positive phase of the Atlantic Multidecadal Variability (AMV), with higher SSTs in 
the tropical North Atlantic and Mediterranean Sea, relative to the tropical South 
Atlantic, increases meridional moisture convergence over the Sahel region, and a 
northward migration of the ITCZ, cloud band events conducive to Sahel rainfall33,95,111 
(Fig. 3f). Through this mechanism, the negative AMV during the 1960-1980 period 



decreased northern-minus-southern hemispheric gradient and contributed to the 
drying of the Sahel during the 1960-1980s, whereas the positive phase since 1980s 
promoted enhanced rainfall and dominated the recovery95,112, with a commensurate 
change in the frequency of extreme rainfall, particularly during La Niña113. The 
post-1990 positive AMV phase, conductive to equatorial Pacific easterlies that 
reinforce the negative IPO114,115,116, contributes to the Sahel rainfall recovery. 

4.​ Modelling ENSO impacts  

Modelling ENSO impacts on African climate is challenging, because not only ENSO 
SST anomalies within the Pacific but also SSTs outside the Pacific are essential. For 
example, for impact on the Sahel, higher JJA SSTs in the Indian Ocean relative to 
SSTs in the Mediterranean decrease moisture convergence and rainfall over the west 
Sahel51,52; El Niño-induced warm SST anomalies over the Indian Ocean prolonged the 
1982 El Niño-induced Sahel drought72; and whether an El Niño leads to 
lower-than-normal rainfall over the Sahel depends on whether the tropical ocean as a 
whole is warmer than the subtropical North Atlantic92. For impact on east Africa, 
Indian Ocean SST anomalies associated with development of a pIOD deliver an El 
Niño-induced rainfall increase in the short rain season over eastern Africa40. For 
southern Africa, El Niño-induced IOB warm SST anomalies over the tropical Indian 
Ocean limit southward moisture transport and moisture convergence toward southern 
Africa, and curtail a southward excursion of the SICZ20, the Angola Low, and Tropical 
Temperate Troughs18,43. Realistic modelling of SST variability in other oceans is as 
important as modelling that in the Pacific.  

Because modes of SST variability outside the Pacific are in part forced by ENSO, 
simulation of SSTs outside the Pacific depends on model ability to reproduce not only 
ENSO SST variability, but also the relationship of ENSO with these modes, such as 
the IOD and the IOB. Models perform poorly in these simulations. For example, 
based on models of Phase 6 of the Coupled Model Intercomparison Project117 
(CMIP6), simulated amplitude of ENSO, the IOD and the IOB varies vastly across 
models (Fig. 4a, b). The amplitude of ENSO in individual models differs by a factor 
of five (x-axis, Fig. 4a, b), as seen in the matured season of DJF. A similar level of 
inter-model differences is seen in the amplitude of the IOD and the IOB (y-axis, Fig. 
4a, b). Correspondingly, there is a strong inter-model difference in the relationship 
between ENSO and the IOD, or between ENSO and the IOB, or in simulated 
ENSO-induced rainfall (x-axis and y-axis, Fig. 4c, d).  

However, the inter-model differences do reinforce the importance of the coupling 
between the Indian and Pacific Ocean SSTs in ENSO-induced rainfall over Africa. 
Models simulating a greater ENSO amplitude systematically produce a greater 
amplitude in the IOD or the IOB (Fig. 4a, b). More importantly, models simulating a 
greater ENSO-IOD coupling systematically produce a greater ENSO influence on 
rainfall over eastern Africa (Fig. 4c, e). Likewise, models that produce a greater 



ENSO-IOB coupling systematically generate a greater rainfall response to ENSO, as 
shown in the dipole pattern over southern Africa (Fig. 4d, f). The systematic influence 
is highlighted by spatial coherence in the influence via the IOD on east Africa and the 
dipole pattern in the influence on southern Africa (Fig. 4e, 4f). These inter-model 
relationships reinforce the importance of the inter-basin interaction that is difficult to 
simulate. 

In part due to model inability to reproduce amplitude of ENSO SST variability, modes 
of SST variability within and outside the Pacific and their relationship with ENSO15, 
many models simulate impacts that are weaker than the observed or are unable to 
simulate an observed impact completely. For example, only approximately 50% of 
models simulate a statistically significant correlation between rainfall in the northern 
tropical western Africa and ENSO (left panel, Fig. 5a). On the other hand, the 
simulated impact on southwestern southern Africa rainfall is overly strong in JAS, 
when an El Niño is associated with a negative SAM, inducing increased rainfall54. 
Models produce an impact on southern Africa summer rainfall concentrated over the 
western half (middle right panel, Fig. 5a), rather than over the eastern half in 
observations.  

Simulation of ENSO impacts on African climate is challenging also because ENSO 
impacts are modulated by multidecadal SST variability, which is however generally 
under-estimated in models. Multidecadal SST variability drives multidecadal rainfall 
variability33,95,104,111, on which ENSO-induced rainfall anomalies superimpose. That 
such SST variability drives multidecadal rainfall variability has been attested by 
incorporating multidecadal SSTs in hindcast systems of African rainfall variability. 
The systems are able to reproduce the reduction of the Sahel rainfall from late 1960s 
and late 1980s, and the post-1980s recovery33,118,119,120, supporting the dynamics that 
tropical SSTs relative to the subtropical North Atlantic determine the meridional 
moisture transport, convergence, and movement of rain-belt over the Sahel33,95, and 
that the multi-decadal tropical Pacific and the Indian Ocean SSTs affect moisture 
convergence, vertical ascent, and the southern extent and course of the circulation 
excursion toward southern Africa105. However, the amplitude of rainfall variability is 
far smaller than that observed.  

The multi-year rainfall predictability is in turn sourced from the AMV121,122,123,124, the 
PDO121,122,123,124, variability in the Indian Ocean and the Mediterranean Sea33,120, and 
relative warming of the subtropical North Atlantic with respect to the tropics125, 
although their relative importance is still under debate. However, for reasons still 
unknown, majority of models underestimate the amplitude of the IPO and the 
AMV126,127,128,129.  



5. Projected change in ENSO impact 

Knowledge of how ENSO affects Africa climate has important implications for 
understanding and assessing projection of how the impact may change in the future. 
The assessment must include changes in the mean rainfall on which ENSO’s impact 
superimposes, changes in ENSO-induced SST variability, or otherwise, within and 
outside the Pacific, and changes in extreme dry and wet conditions.   

Projected mean rainfall changes 

Under transient greenhouse warming, mean rainfall changes substantially 
(Supplementary Fig. 5), and features large inter-model differences. More than 80% of 
CMIP6 models project an increase in rainfall over the Central and Eastern 
Sahel130,131,132,133,134,135,136,137, owing to several factors below. The Northern Hemisphere 
oceans warm faster than the Southern Hemisphere oceans136,138 with an intensified 
north-minus-south SST gradient139, favoring moisture convergence into the Northern 
Hemisphere140. The land-sea thermal contrast increases, intensifying the low-level 
West African Westerly Jet and moisture flux into the Sahel130,132. In addition, the 
Mediterranean warming enhances Sahel rainfall by inducing moisture convergence 
over the Sahel141. These processes support a projected overall Sahel rainfall increase; 
however, greenhouse warming-induced rise in tropical SSTs leads to a southward shift 
of the ITCZ, which by itself decreases rainfall in west Africa132,135,142,143. Thus, there is 
an east-west contrast in rainfall increase, weaker in the west, driven by an intensified 
Saharan Heat Low. The intensification increases south-westerly winds to Central and 
Eastern Sahel promoting rainfall there136, but inhibits convection in the west Sahel56,57.  

Similarly, more than 80% of CMIP6 models project an increase in short rain over 
eastern Africa144,145,146, consistent with a faster warming in the western equatorial 
Indian Ocean than in the eastern Indian Ocean147,148,149. Over southern Africa, rainfall 
is projected to decrease in JAS, SON and MAM, accompanied by a northward shift of 
the SICZ150,151, a northward shift Congo Air Boundary152, an expanding thermal low 
and a reduced number of tropical lows152. In the main rain season of DJF, there is a 
tendency for a slight rainfall increase but inter-model consensus on the change is low.  

Projected change in SST variability.  

Under transient greenhouse warming, majority of models project an increase in ENSO 
SST variability, translating into a projected increase in frequency of strong El Niño 
and strong La Niña events, swings from a strong El Niño to a strong La Niña 
event78,91,153, and disproportionately more frequent multi-year La Niña events than 
those of strong El Niño events154. Strong pIOD events like the one in 2019 likely 
increase in frequency whereas moderate pIOD events decrease148,149. By contrast, 



variability of Atlantic Niño/Niña is likely to decrease under greenhouse 
warming155,156. On interdecadal timescales, the PDO is projected to weaken in 
amplitude and to shorten in periodicity157, whereas the AMV variance on 
multi-decadal time scales is projected to increase158. There is no systematic change in 
the relationship of ENSO with the IOD141, nor with the IOB, the SIOD, the SASD, or 
the SAM in an analysis conducted for this review. Majority of models simulate a 
reduction in the relationship between ENSO and Atlantic Niño/Niña159 as variability 
of Atlantic Niño/Niña decreases155,156. 

Projected increase in extreme anomalies. 

Simulated ENSO’s impact in all seasons is in general weaker than the observed160, but 
the ENSO impacts from the 20th to the 21st century (Fig. 5a, b) show a general 
increase in all seasons. We measure ENSO impact in terms of rainfall sensitivity to 
ENSO SST anomalies. Over the Sahel, rainfall sensitivity intensifies and the area of 
ENSO impacts is enlarged, extending from a small area in the eastern region in the 
20th century to the central and western portion in the 21th century (first column of Fig. 
5a, b). The increased intensity and the enlarged area of impact are consistent with the 
projected increase in amplitude of ENSO variability, which increases the signal to 
noise ratio,  leading  to a greater response of rainfall to ENSO76,78. The enlarged area 
overlaps with the region of increased mean rainfall, increasing the capacity for wet 
and dry anomalies during La Niña and El Niño events, respectively.  

Over East Africa, there is a similar increase in the sensitivity of equatorial East Africa 
short rain to ENSO, through the area of ENSO impact is little changed (second 
column of Fig. 5a, b). The intensified response is likewise due to the greater signal to 
noise ratio arising from increased ENSO amplitude given that there is no significant 
change in the ENSO-IOD relationship149 and to the increased mean short rain 
(Supplementary Fig. 5) that facilitates a stronger response.  

Over southern Africa, where the summer rainfall response to El Niño events features 
the dipole, an increased sensitivity and an enlarged area of the response over the wet 
pole region are projected (third column of Fig. 5a, b), due to the projected increase in 
ENSO amplitude and in mean rainfall.  The greater sensitivity persists into the 
long-rain season over the equatorial eastern Africa (fourth column of Fig. 5a, b), 
where La Niña or multiyear La Niña induces droughts32, despite little change in the 
mean rainfall over the region (Supplementary Fig. 5).   

These changes, using all models, are reproduced using a subset of models that 
simulate a greater ENSO-IOD coupling or a stronger ENSO nonlinearity 
(Supplementary Figs 6 and 7). The small difference highlights the pivotal role of the 



projected increase in ENSO variability in the 21st century. Because of the increased 
sensitivity and ENSO amplitude, frequency of both extreme dry and extreme wet 
anomalies surpassing a threshold value is generally higher in the 21st century (Fig. 5, 
c-f).  

Over the Sahel, the frequency of extreme rainfall anomalies above the increasing 
trend is higher, translating into an increase of 63% and 135% in the number seasons 
with a negative and positive rainfall anomaly greater than a one-standard deviation 
value, respectively (Fig. 5c). In east Africa, the number of short rain seasons with a 
dry  anomaly greater than a one-standard deviation value increases by 35% (Fig. 5d).  
there is a small increase in the wet seasons partly due to an offsetting effect from a 
decreased frequency of moderate positive IOD event coherent148 with a non-extreme 
El Niño event. However, for strong El Niño events with an index larger than 1.75 s.d., 
the number of short rain seasons with a wet anomaly greater than a one-standard 
deviation value increases by 37%. Over southern Africa, the number of seasons with a 
dry and wet anomaly greater than the same threshold, increases by 10% and 47%, 
respectively (Fig. 5e), and long rain seasons over east Africa with a dry and wet 
anomaly increase by 53% and 20%, respectively (Fig. 5f). 

6.​ Pathways forward 

ENSO exerts a consequential impact on African climate by forcing anomalies in the 
tropical troposphere, driving tropical SST variability in the oceans neighbouring the 
continent, inducing extratropical oceanic and atmospheric anomalies, and changing 
regional circulations. The impact differs by ENSO events, and is asymmetric about El 
Niño and La Niña, and modulated by multidecadal variability. Modelling ENSO 
impact on Africa is challenging, because it involves simulating ENSO SST variability, 
its interaction with SST variability of other oceans, and their interactions with 
interdecadal variability. Under transient greenhouse warming, available models 
collectively suggest that ENSO-induced dry and wet anomalies are expected to 
increase over much of Africa, manifesting as an increased frequency of both dry and 
wet extremes. ENSO thus represents an important influence on African climate with 
profound impacts in a changing climate. Therefore, it is vital to reduce the 
uncertainties in our understanding of ENSO impact in contemporary and future 
climates, which can be achieved through continued model improvement and targeted 
research. 

Climate models are an important tool for understanding past influence and projecting 
future impact from ENSO, but they suffer from long-standing systematic errors, 
including a cold bias in the equatorial central Pacific161, overly strong easterly winds 
and overly cool SST in the equatorial eastern Indian Ocean149,162, and a warm bias in 



the eastern boundary current system regions of the tropical Pacific and Atlantic115. 
These biases have been found to have a substantial impact on the simulated 
characteristics of ENSO, the IOD, the Atlantic Niño/Niña and their interactions15. For 
example, the Pacific cold-tongue bias hinders establishment of atmosphere convection 
in the equatorial eastern Pacific, which is a key characteristic of extreme El Niño78; an 
atmospheric convection centre too far east due to the eastern Atlantic warm bias 
weakens feedback from the equatorial Atlantic to the Pacific, affecting ENSO 
periodicity, the IPO, and the Pacific mean state15,115.  Strong biases also exist in the 
equatorial eastern Indian Ocean, leading to overly strong positive feedbacks, hence an 
overly high sensitivity of the IOD to stochastic forcing and an overly large IOD 
amplitude149.  

Impacts from some of the biases remain unknown. For example, it is not clear 
whether these biases lead to biases in simulated properties of African rainfall, namely, 
overly strong short rain that is higher than long rain110,145, overly strong summer 
rainfall over southern Africa160, a projected increase in east Africa annual 
rainfall110,145, an overly weak ENSO-IOD coupling149,160, or an overly weak ENSO 
impact on northern tropical western Africa, and an incorrect ENSO rainfall anomaly 
pattern over southern Africa. Thus, there remains considerable uncertainty in the 
projected change in ENSO impact on Africa.  

Nevertheless, recent progress provides insightful guidance for setting research 
priorities. Addressing model systematic errors, particularly in the equatorial oceans, is 
urgent due to their potentially adverse impacts on ENSO and IOD properties, 
inter-basin interactions, and future projections. To capture detailed impacts from 
ENSO, particularly on regional circulation, higher spatial resolution might be 
necessary. For instance, the dynamics seen in the southern Africa rainfall dipole 
pattern involve not only ENSO and its inter-basin interactions but also regional 
processes that are not well simulated by global climate models163. In this regard, 
initiatives like internationally coordinated regional climate downscaling experiments 
(CORDEX) by the World Climate Research Programme163 can be important. These 
coordinated regional climate downscaling experiments, utilizing global model outputs 
as boundary conditions, simulate regional processes crucial for extreme 
events164,165,166, which are most consequential in terms of socio-economic impacts. 
However, inheriting biases from global models pose challenges167; for example, the 
bias in east Africa rainfall seasonality persists into regional models164, emphasizing 
the need to rectify global model errors. Moreover, comprehensive studies are required 
to understand the interactions between climate change factors like high temperature, 
atmospheric moisture, and ENSO anomalies. Importantly, there is evidence 



suggesting that climate change amplifies ENSO-related extreme events, for example, 
the severity of drought during the 2015-16 El Niño168. 

Progress in these areas will not only advance the science of ENSO, but also provide 
crucial inputs to policymaking aimed at mitigating its substantial impacts on African 
communities, often considered among the world's most vulnerable. Few other 
advances in ENSO research are as important as progress in comprehending, modelling 
and projecting ENSO impact on Africa, an area where strides can greatly benefit 
human society. Achieving such strides depends critically on a deeper understanding 
underpinned by continuous observations, comprehensive understanding, and 
improved modelling. 
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Box 1: African seasonal circulation 

African seasonal climate varies vastly by regions. In mid-May, monsoonal rain 
reaches west Africa 5oN8, and the cross-equatorial branch of the Somali Jet starts to 
bring moisture and rainfall northward to the southern slopes of the Ethiopian plateau. 
Toward June, Saharan Heat Low establishes, and the equatorial Atlantic cold tongue 
develops, facilitating summer southwesterlies that extend rain belt to its northernmost 
location 10oN by August7,8 (Box Fig. 1a). In July, August, and September (JAS), in 
which the Sahel region receives 80% of its annual rainfall27 (Box Fig. 1b), cyclonic 
circulation associated with Saharan Heat Low (blue circle) connects southwesterly 
monsoonal  flows to the south and the northeasterly to the east from the 
Mediterranean region (red arrows, Box Fig. 1a). Sahelian surface ascent peaks at the 
West African coast, just east of the onshore West African Westerly Jet21, which, 
together with African Easterly Jet around 600 hPa at 15oN and Tropical Easterly Jet 
around 200 hPa at 5oN, form a two-celled vertical circulation8,22. The tropical rain belt 
centres around 10oN, south of the Intertropical Convergence Zone8 (ITCZ) at ~17oN. 
The Indian Ocean subtropical high pressure is at its northern-most latitudes, and 
moisture influx from sources including the Congo basin, the Red Sea, and the Indian 
Ocean through the Somali Jet (thick red arrow, Box Fig. 1a), results in high rainfall 
over northern East Africa9,23.   

During September, October, and November (SON), the tropical rain belt shifts 
southward. The Angola Low operates as a mixture of dry heat low and moist tropical 



low. A dryline develops featuring well-defined wind convergence and humidity 
gradients, referred to as Congo Air Boundary24. From October to early December 
(OND), onset of onshore moisture transport from the Indian Ocean drives coastal and 
topographic uplifts in the western highlands producing “short rain” season1,25 in east 
Africa countries (Box Fig. 1c). 

During December, January and February (DJF), northeast trade winds blow across the 
northwest Indian Ocean and strong westerlies prevail over the equatorial Indian 
Ocean1. The subtropical Indian and Atlantic high-pressure systems are at their 
southern-most latitudes, facilitating convergence of winds into southern Africa (red 
arrows Box Fig. 1d), producing a peak season of rainfall (Box Fig. 1e). These winds 
include north-westerlies from the tropical Atlantic picking up moisture from the 
Congo basin,  easterlies from the southwest Indian Ocean and northeasterlies from the 
equatorial western Indian Ocean carrying moisture from the warm Indian Ocean. The 
convergence, uplift and instability, together with the upper-level divergence of the 
leading edge of midlatitude westerly troughs, support development of 
tropical–extratropical cloud-band events26, known as Tropical Temperate Troughs 
(white cloud Box Fig. 1d). The troughs accompany development of tropical low of 
Angola and extend south-eastward across southern Africa into the southwest Indian 
Ocean18,27,28. Also extending south-eastward is the SICZ (blue dashed line Box Fig. 
1d), which develops in southern summer and merges with the ITCZ over the 
southwest Indian Ocean20. The mid-level Botswana High, which forms in SON in 
response to heat released by rainfall over the Congo Basin, shifts southward and 
strengthens into its peak in DJF29.  

During March, April and May (MAM), the ITCZ moves into the equatorial and 
southern equatorial Africa region. Onshore moisture transport from the Indian Ocean 
leads to high rainfall, a period referred to as the “long rain” season1,32 (Box Fig. 1c). 
Toward boreal summer, the ITCZ and the subtropical high-pressure systems move 
back at their northern-most positions.  
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Box Fig. 1 | Climatological atmospheric circulation of Africa. a, Features related to 
Sahel summer rainfall, including low-level flows such as West African Westerly Jet 
and northerly winds of Mediterranean origin (thin red curved arrows) and Somali Jet 
(thick red curved arrow), the Saharan Heat Low (blue L), the Intertropical 
Convergence Zone (ITCZ, blue thick broken curve), and tropical rain belt (cloud and 
rain drops) Adapted from ref.8.  b-c, Observed169,170 seasonal rainfall and surface 
temperatures over the Sahel (17oW-40oE,11oN-15oN) and East Africa 
(29oE-42oE,7oS-5oN), respectively. d, Features associated with southern African 
summer rainfall, including the South Atlantic and South Indian high-pressure systems, 
the South Indian Convergence Zone (blue broken line, SICZ), and local circulation 
systems such as the Angola Low (blue L), Tropical Temperate Trough (cloud), and the 
Botswana High (dashed circle). Also shown is the Congo Air Boundary (black curved 
line) developing during September to November. Adapted from Refs24,69. e, 
Observed169,170 seasonal rainfall and surface temperatures over Southern Africa (land 
over 24oE-42oE, 28oS-18oS). 

 

 

 

 

 



 

 

Figure 1 | Mechanisms of ENSO impact on African climate. a, Tropospheric 
temperature mechanism. During El Niño, anomalous ascending motion in the central 
and eastern equatorial Pacific triggers a Gill-Matsuno response and the associated 
atmospheric Kelvin waves distribute the tropospheric heating throughout the tropics 
(eastward arrows), increasing the atmospheric stability outside the Pacific, which 
suppresses (light blue downward arrows) atmospheric convection over West 
Africa8, leading to decreased rainfall in the Sahel. b, c, Impact via the Indian Ocean. 
During El Niño, Walker circulation weakens leading to the development of positive 
IOD inducing anomalous rainfall in east Africa in the short rain season (b), and 
development of IOB warming reducing land-ocean pressure gradient such that the 
seasonal flow convergences and poleward excursion of the regional circulations 
weaken (c, indicated by contrast of climatological mean (light) and that during El 
Niño), and the SICZ shifts northeastward contributing to a rainfall dipole (northeast 
wet but southern dry).  d, Impact via the Atlantic Ocean. During El Niño, Atlantic 
Niña, which shifts tropical rain belt northward, decreasing rainfall over the Guinea 
coast, with a tendency to increase rainfall over the Sahel. When an Atlantic Niña is 
dominated by an El Niño, reduced rainfall from the tropospheric temperature 
mechanism dominates (light blue downward arrows), generating dry anomalies over 
the Sahel.    



 

Fig. 2 | Seasonal evolution of El Niño impact on African rainfall. a, Observed 
July-August-September (JAS) anomaly pattern obtained by regressing anomalies from 
data/reanalysis169,170,171,172 since 1948 onto a normalized concurrent Niño3.4 
index173,174,175. Areas with statistical significance above the 95% confidence level is 
indicated by stipples. b-c, The same as a but for October-November-December 
(OND); c, December-January-February (DJF); and d, March-April-May (MAM) 
seasons, respectively.  c-h, Composites of rainfall169,170,171,172 (shading) anomalies for 
EP El Niño. during JAS, OND, DJF; and MAM. Red contours represent the 90%, 
95% and 99% confidence levels. Stippled areas indicate that more than 70% of ENSO 
events have the same-signed anomalies.  i-l, The same as c-h but for CP La Niña.   
ENSO affects different regions in different seasons through different mechanisms, for 
example, by forcing modes of SST variability in the Indian Ocean. The generally 
opposite impact between El Niño and La Niña is mostly due to that between EP El 
Niño and CP La Niña.  

 



 

Fig. 3 | Influence from decadal variability. a, (Left) Observed 20-year moving 
correlation between Sahel rainfall anomalies (17oW-40oE,11oN-15oN; red box in the 
right panels) and different ENSO indices in July-August-September (JAS). Both 
rainfall anomalies and Niño indices are 11-year high-pass filtered before calculating 
the 20-year moving correlation. Thickened lines indicate statistical significance above 
the 95% confidence level. Years on the x-axis denote the end year of the 20-year 
sliding window. (Right) Regression of global SST (oC) and African rainfall (mm 
day-1) anomalies onto normalized Niño3.4 index in 1971-2010 (upper) and in 
1931-1970 (lower), respectively. Stippled areas indicate statistical significance above 
the 95% confidence level. b-c, As in a, but for October-November-December (OND) 
land rainfall anomalies over Eastern Africa (29oE-42oE,7oS-5oN), and for 
December-January-February (DJF) land rainfall anomalies over Southern Africa 
(15oE-40oE,35oS-15oS). d, Ratio of decadal rainfall variability (>11 year; s.d.) relative 
to total year-to-year rainfall variability in 1901-2022. e, Regression of seasonal 
rainfall anomalies (mm day-1) in different parts of Africa onto a normalized 11-year 
low-pass filtered annual mean IPO time series176. We focus on JAS season in the 
western and northern Africa (20oW-35oE,12oS-40oN), March-April-May (MAM) 
season in the eastern Africa (35oE-55oE,12oS-25oN), and DJF season in the southern 
Africa (10oE-55oE,38oS-12oS). f, Regression of JAS rainfall anomalies (mm day-1) 
onto normalized 11-year low-pass filtered annual mean AMV time series177. The SST 
and rainfall data are from ERSSTv5178, and CRU TS v4.07169, respectively, in 



1901-2022. Decadal variability not only modulates ENSO impact but also induces 
decadal anomalies on which ENSO anomalies superimpose.   

 

 

Fig. 4 | Simulated present-day ENSO influence on African rainfall via the IOD 
and the IOB based on CMIP6. a, Inter-model spread of simulated amplitude of 
ENSO and IOD variability in September-October-November (SON) (oC). Linear fit is 
displayed together with correlation coefficient R and p value. b, Inter-model spread of 
simulated amplitude of ENSO and IOB variability in December-January-February 
(DJF) (oC). c, Inter-model relationship between response of SON eastern Africa 
rainfall (Eq.-10°N, 35°E-45°E) to ENSO (mm day-1 oC-1) and response of the SON 
IOD index (oC) to ENSO (oC). The respone is defined as the linear regression 
coefficient. d, As in c, but for response of DJF southern Africa rainfall (15°S-40°S, 
10°E-40°E) to ENSO and response of the IOB to ENSO. e, Inter-model relationship 
between response of grid-point SON rainfall anomalies (mm day-1 oC-1) to ENSO and 
response of the SON IOD index (oC) to ENSO.  f, The same as e, but for DJF rainfall 
and DJF IOB. Green and brown areas in a and c represent enhanced and reduced 
rainfall from ENSO, respectively. Stippling represents statistical significance at the 
95% confidence level.  The IOD index is defined as difference in SST anomalies over 



the western tropical Indian Ocean (10°S-10°N, 50°E-70°E) and the eastern Indian 
Ocean (10°S-Eq., 90°E-110°E), and the IOB is defined as SST anomalies averaged 
over the tropical Indian Ocean (30°S-25°N, 40°E-110°E). Models in which the IOD 
and the IOB are more responsive to ENSO produce stronger rainfall anomalies during 
ENSO events.    

 

 

Fig. 5 | Future change of African rainfall associated with ENSO. Shown are 
aggregated over all models. a, b, Multimodel ensemble mean of regression of rainfall 
onto Niño3.4 for the 20th and 21st century, respectively, from left to right, in 
July-August-September (JAS), October-November-December (OND), 
December-January-February (DJF), and March-April-May (MAM); for each model, 
seasonal rainfall anomalies and Niño3.4 are quadratically detrended and normalized 
over the 1900-2099 period, and then separated into two 100-year periods. Areas 
confined by purple and green (with stippling) contours indicate where more than 50% 
and 70% of models agree on a 95% statistically significant correlation, respectively. c, 



JAS dry (rainfall anomalies < -1.0 s.d.) and wet seasons (rainfall anomalies > 1.0 s.d.) 
over Sahel as a function of concurrent ENSO amplitude in 1900-1999 and 2000-2099 
within a 0.5 bin. Left part shows the wet season number associated with La Niña 
(Niño 3.4 < -1.0 s.d.), right part shows the dry seasons associated with El Niño (Niño 
3.4 > 1.0 s.d.). d-f, Same as c, but for OND east Africa rainfall, DJF south Africa 
rainfall, and MAM east Africa rainfall, respectively. In general, increased ENSO 
variability leads to a higher frequency of dry and wet extreme anomalies.  
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